Study objectives: Inhaled corticosteroids (ICS) are widely used in the treatment of COPD. One of the potential adverse effects of their use is the development of adrenal suppression. Our study aimed to determine the effects of ICS on adrenal function over 3 years of use in patients with COPD. Methods: Two hundred twenty-one subjects were recruited from the 1,116 patients already enrolled in Lung Health Study II and were randomized to receive either triamcinolone, 1,200 g, or placebo daily. Basal cortisol levels and cortisol levels at 30 min and 60 min following cosyntropin injection were measured at study entry and after 1 year and 3 years of participation. Results: Basal cortisol levels in the placebo group were higher than in those receiving active drug at all time points and rose through the study period. There was no suppression of cortisol levels after cosyntropin stimulation at any study point in any subgroup. 
I
nhaled corticosteroids (ICS) are widely used in the management of symptomatic obstructive airways disease. In asthma, treatment is intended to reduce airways inflammation, leading to improvement in lung function by reducing airways reactivity, improving symptom control, and preventing exacerbations. In COPD, despite a different mechanism of inflammation and controversy over their efficacy, the use of inhaled steroids is widespread and has been demonstrated to be effective in diminishing exacerbations. [1] [2] [3] [4] The adverse effects of ICS are generally considered to be minimal and acceptable. 5, 6 Increasing recognition of dose-related systemic adverse effects has led to the recommendation that achieving the minimal maintenance dose associated with optimal asthma control is an important therapeutic goal. 7 Potential side effects of ICS include adrenal suppression, accelerated loss of bone mineral density, easy †A complete list of LHS participants is given in the Appendix. Supported under a cooperative agreement with the National Institutes of Health (NHLBI-5U01-HL50267-05). Triamcinolone and placebo, as well as support for the ancillary safety studies on bone density and adrenal function, were provided by Rhô ne-Poulenc Rorer (now Aventis). Dr. Bailey is participating in an Aventis drug study in progress, a phase III double-blind, parallel-group, multicenter, placebocontrolled study to determine the effectiveness of ciclesonide to reduce oral corticosteroid use in patients with severe persistent asthma. Dr. Scanlon is currently providing research support for institutional review board-approved protocols (some investigator initiated, some company initiated) from various companies, including Aventis. While the primary intent of the study was to determine the impact of ICS on the course of COPD over 4.5 years, using a randomized, multicenter, masked, placebo-controlled trial design, potential side effects of thrush, bruisability, adrenal suppression, bone demineralization, and the development of cataracts and glaucoma were also studied. Although inhaled triamcinolone is a widely prescribed corticosteroid aerosol, relatively few published studies of its effects on adrenal suppression are available, and these were all performed in young asthmatic patients. 7, 9 The intent of this report is to describe the long-term effects of a moderate dose of inhaled triamcinolone on adrenal function in older individuals with COPD.
Materials and Methods
In LHS II, 1,116 participants at 10 clinical centers in North America were recruited. Individuals participating (n ϭ 1,018) and screened (n ϭ 98) in the first LHS 10 and who were smoking or had recently quit (less than 2 years) comprised the study group. Other inclusion criteria included age between 40 years and 69 years and the presence of obstruction as defined by an FEV 1 /FVC ratio Ͻ 0.70 and an FEV 1 between 30% and 90% of predicted. Candidates were excluded if they had used an inhaled or oral corticosteroid within the last 6 months or if they had other coexistent medical conditions that might interfere with participation in the study over its 4.5-year duration. Those who met entry criteria and were willing to participate provided informed consent and were randomized to receive either triamcinolone acetonide, 1,200 g/d (six puffs bid), or an identical appearing placebo. Participants in the main study were recruited for inclusion in three separate safety studies involving serial bone densitometry, tests of adrenal suppression, and examination for possible ocular complications.
The design of LHS II has been described in greater detail elsewhere. 8 Of the 1,116 participants in 10 centers, 221 participants in 5 centers participated in the ancillary study on adrenal function. Additional exclusion criteria for this ancillary study included pregnancy, lack of baseline testing, previous allergic reaction to cosyntropin, and known adrenal or pituitary disorders. Premenopausal women were required to have a negative pregnancy test result within 7 days of study entry.
At study entry, all participants had basal serum cortisol determinations on venous blood obtained before 10 am, followed by bolus IV or IM administration of 0.25 mg of cosyntropin, with repeat measures of serum cortisol 30 min and 60 min later. Basal and stimulated cortisol measurements were repeated 1 year and 3 years later. Samples were centrifuged and then frozen within 30 min of centrifugation and shipped to a central laboratory for cortisol determinations (Mayo Medical Laboratories, Rochester, MN). Samples were stored at Ϫ 70°C and then analyzed in batches, using an enzymatic immunoassay kit. Neither instrumentation nor methodology changed during the 3 years of study.
Analysis of the results obtained was conducted by the Data Collection Center at the University of Minnesota. Descriptive statistics (means, SDs, and percentage) were used to examine differences between randomized treatment groups, both in baseline characteristics and in prestimulation and poststimulation levels of plasma cortisol in response to cosyntropin. Figures showing cortisol levels at each follow-up period were based on observed mean values. Comparisons between the ICS group and the placebo group on baseline characteristics were evaluated using either t tests for continuous values or 2 tests for categorical variables.
Intent-to-treat analyses of differences between the ICS and placebo groups in cortisol levels (prestimulation, and 30 min and 60 min following cosyntropin injection) at study entry prior to receiving study drug, and at 1 year and 3 years after randomization, were performed using t tests. Analyses were performed for men and women separately and for both genders combined. No adjustments were made in such analyses for multiple comparisons. Differences in subsets defined by the participant's level of adherence with their assigned medication were examined using t tests. Separate analyses were performed for all subjects, as well as a cohort analysis for the 173 participants completing all three sets of determinations.
Normal baseline function was defined as a serum cortisol level Ͼ 5 g/dL. Normal response to cosyntropin was defined as an increment in cortisol level of at least 7 g/dL at 30 min or 60 min poststimulation or a peak level at 30 min or 60 min poststimulation Ն 18 g/dL.
Results
Two hundred twenty-one participants entered the ancillary study of adrenal function, with 106 assigned to the active drug, and 115 assigned to placebo. Both treatment groups were similar with regard to age, gender, race, and baseline pulmonary function. Of the enrolled participants who had baseline measurements of adrenal function prior to initiation of treatment with ICS, 89% underwent repeat testing at year 1 and 85% at year 3 (Table 1) . Baseline characteristics of both the enrolled participants and those who completed all adrenal function studies were similar to the entire LHS II population as a whole.
No meaningful differences were noted between the placebo and active treatments groups in basal morning cortisol or the response to cosyntropin stimulation 30 min or 60 min after stimulation at baseline (before initiation of study drug) or at year 1 and year 3. When only those patients completing all three sets of measurements (baseline, year 1, and year 3) were separately analyzed, basal cortisol levels at baseline as well as year 1 and year 3 were slightly higher in the placebo group, although values for both groups were within the normal range, and no significant decline in basal cortisol levels were noted with either group. In fact, basal cortisol levels increased in both groups over the 3 years of observation. In addition, 30-min and 60-min poststimulation values were similar in both groups at baseline and year 3, but slightly higher in the placebo group for year 1 (Figs 1-3 ). These trends were evident for the treatment groups as a whole and for those participants with good compliance. Given the similarities between both groups and the normal values in each category, no likely biological significance can be attributed to the differences at baseline or the lesser rise in the ICS group. No gender differences in adrenal function were identified (Table 2) .
Moreover, all participants completing the study maintained normal adrenal responsiveness to stimulation over 3 years with the following exceptions. Two participants each in the placebo and active treatment groups had depressed basal adrenal function at the end of 3 years. One of those, in the placebo group, also had blunted responsiveness. Two participants in the ICS group and one in the placebo group had depressed basal function at baseline. The possibility that these participants may have received systemic steroids unbeknownst to the investigator cannot be excluded, but is not considered likely. Because of concerns that poor adherence with the study drug may have obscured the effect of active treatment, a subanalysis was conducted based on drug adherence, with adherence based on the weight of returned canisters. Participants were considered to have good adherence with the medication if canister weight indicated use of six or more puffs or Ն 600 g of triamcinolone daily. This subgroup was similar to the participants as a whole (Table 1) . Basal and poststimulation cortisol levels were not affected by the level of adherence with the study drug ( Table   Table 1 Figure 1 . Representation of prestimulus cortisol levels by time and treatment, and prestimulation cortisol levels in 84 participants in the ICS group and the 89 participants in the placebo group having measurements at all three study points.
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3). As found in the overall group, participants with good adherence on active drug had higher cortisol levels at all points of measurement, including baseline, compared to the placebo group.
Discussion
Systemic side effects have been variably reported from the use of inhaled corticosteroids in asthma and COPD. Differences in doses employed, potency, and effectiveness of respiratory delivery between the various formulations of inhaled corticosteroids and in duration of use have contributed to this variability in reported systemic toxicity. LHS II provided an opportunity to study the systemic effects of a moderate dose of inhaled triamcinolone in patients with COPD in whom adherence to a prescribed program was carefully and objectively monitored. LHS II reported no change in the rate of decline in pulmonary function with the use of triamcinolone, although airways reactivity was reduced. 8 Easy bruising was noted approximately twice as frequently in adherent LHS II participants receiving ICS as compared to placebo, and a lower bone mineral density in the lumbar spine and the hip was seen in the active treatment group compared to the placebo group (Paul Scanlon, MD; unpublished data; December 1998). 8 Despite these findings suggesting systemic steroid effect in LHS II participants, we found no adverse effect on adrenal function during 3 years of use either in basal adrenal function or responsiveness to stimulation by exogenous cosyntropin.
The observed rise in cortisol levels in treated and untreated subjects over time is not explained by methodologic change, as neither assay kits nor times of venous sampling changed during the study. There were no changes in the manufacture or handling of the kits nor in the reference standards employed in the laboratory analysis. There was no variation in levels recorded between centers. Unfortunately, the reference laboratory was not able to retrospectively review all cortisol levels performed outside the LHS over the same period of time to determine whether this rise was generic or limited to the study population. COPD progression might lead to increased steroid levels as a result of added inflammation or other stresses, but the degree of disease progression was quite minor and this supposition is entirely speculative. Whatever the explanation, similar effects were observed in both treatment groups, so we are confident that these trends are not the effect of active treatment with inhaled triamcinolone. As noted, the placebo group had higher basal levels of plasma cortisol at all three visits compared to the triamcinolone group. As both values were within the normal range, we believe this represents a failure of randomization to match this characteristic precisely, rather than an effect of the drug, since it was noted prior to drug administration.
Since the measures of hypothalamic-pituitaryadrenal (HPA) axis suppression used in this study (basal morning cortisol and responsiveness to stimulation by superphysiologic doses of cosyntropin) are less sensitive to subtle HPA suppression than 24-h urinary free cortisol or 24-h integrated plasma cortisol levels, 7 it is possible that our methods were too insensitive to detect a true, albeit minor, degree of adrenal suppression.
Prior studies on inhaled triamcinolone have suggested either no effect 11 or a limited biochemical effect 9,12 on HPA function. A meta-analysis 7 using more sensitive measures of HPA function does suggest a modest alteration in adrenal function following use of triamcinolone. Skin bruising has been shown by others to correlate with adrenal suppression, 7 but this was not the case in the present study, in that skin bruisability was higher in treated subjects whose adrenal function was not demonstrably impaired. We cannot exclude a small adrenal suppressive effect, which might be statistically detectable if more sensitive measures of HPA function had been employed. The clinical relevance of this minor degree of adrenal suppression would be debatable. In summary, we found no clear evidence that the long-term use of inhaled triamcinolone, 1,200 g/d, suppresses either basal or stimulated adrenal function in older patients with COPD, although evidence of other systemic effects was noted. The maintained response to exogenous stimulation suggests there is no concern regarding stress responses in these patients, whether exogenous or endogenous. Based on the present study, we would not recommend the use of systemic corticosteroids in stress doses for patients receiving moderate doses of ICS. Since other doses and formulations of ICS have different patterns of absorption and metabolism, we cannot confidently extend this recommendation to patients receiving other inhaled steroids or who have received repeated doses of oral corticosteroids.
